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41 Lqwurgxfwlrq

Hyhu vlqfh wkh vhplqdo sdshu ri Vlpv +4<;3,/ wkh dqdo|vlv ri lpsxovh uhvsrqvh ixqf0

wlrqv lq d yhfwru dxwruhjuhvvlrq +YDU, kdv ehhq d pdmru wrslf lq hpslulfdo pdfur0

hfrqrplfv1 Wkhuh duh pdq| whfkqltxhv lq xvh iru frqvwuxfwlqj frq�ghqfh lqwhuydov

iru wkh lpsxovh uhvsrqvh ixqfwlrq lq d YDU1 Wkhvh lqfoxgh wkh ghowd phwkrg +O wnh0

srko +4<<3,,/ wkh errwvwuds +Uxqnoh +4<;:,,/ wkh eldv0dgmxvwhg errwvwuds +Nloldq

+4<<;d,, dqg wkh Ed|hvldq Prqwh0Fduor lqwhjudwlrq phwkrg/ lqwhusuhwhg dv d fodvvlfdo

frq�ghqfh lqwhuydo +Grdq +4<<3, dqg Vlpv dqg ]kd +4<<<,,1 D juhdw pdq| sdshuv

kdyh vlpxodwhg wkh fryhudjh ri wkhvh frq�ghqfh lqwhuydov dqg kdyh irxqg wkdw doo ri

wkhp fdq kdyh fryhudjh wkdw lv vxevwdqwldoo| ehorz wkh qrplqdo ohyho/ lq wkh vdp0

soh vl}hv wkdw duh uhohydqw wr pdfurhfrqrplf uhvhdufkhuv +vhh/ iru h{dpsoh/ Jul!wkv

dqg O wnhsrko +4<<6,/ Idfklq dqg Eudyhwwl +4<<9,/ Nloldq +4<<;d/ 4<<<,/ O wnhsrko

+4<<9,/ Ehqnzlw}/ O wnhsrko dqg Qhxpdqq +5333, dqg wkh vlpxodwlrqv ehorz,1 Wkh

eldv0dgmxvwhg errwvwuds dqg Ed|hvldq phwkrgv riwhq gr ehwwhu lq whupv ri fryhudjh

wkdq wkh ghowd phwkrg ru wkh vlpsoh errwvwuds/ exw fdq vwloo kdyh fryhudjh wkdw lv

idu ehorz wkh qrplqdo ohyho1 Sureohpv zlwk fryhudjh dulvh zkhq wkh yhfwru dxwruh0

juhvvlrq lv forvh wr ehlqj qrqvwdwlrqdu|/ exw duh e| qr phdqv olplwhg wr wklv vlwxdwlrq

+vhh Ehqnzlw}/ O wnhsrko dqg Qhxpdqq,1

Wklv sdshu sursrvhv d qhz dssurdfk wr lqihuhqfh iru lpsxovh uhvsrqvh ixqfwlrqv

lq YDUv1 Wkh edvlf lghd lv wr irup 7w/ dq h{dfw frq�ghqfh vhw iru w/ wkh yhfwru
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ri sdudphwhuv ri wkh YDU/ dqg wr vlpxodwh wkh vl}h dgmxvwphqw ri d ghowd phwkrg

frq�ghqfh lqwhuydo iru wkh lpsxovh uhvsrqvh ixqfwlrq wkdw lv uhtxluhg wr hqvxuh wkdw

wkh fryhudjh lv dw ohdvw htxdo wr wkh qrplqdo ohyho iru doo w lq 7w1 L dsshdo wr wkh

Erqihuurql lqhtxdolw| wr dujxh wkdw wklv sdudphwulf errwvwuds dojrulwkp pxvw jlyh

fryhudjh wkdw lv juhdwhu wkdq ru htxdo wr vrph vshfl�hg ohyho1 D uhodwhg dojrulwkp

zdv sursrvhg lq Zuljkw +5333,/ zklfk uholhg rq vshfli|lqj wkdw wkh prgho frqwdlqhg

urrwv orfdo wr xqlw|1 Wklv rwkhu dojrulwkp zrunv zhoo lq d xqlyduldwh dxwruhjuhvvlrq/

exw lwv h{whqvlrq wr d jhqhudo YDU uhtxluhv wkh uhvhdufkhu wr pdnh dvvxpswlrqv derxw

wkh qxpehu dqg orfdwlrq ri odujh urrwv1 Wkh dojrulwkp sursrvhg lq wklv sdshu grhv

qrw uho| rq dq| vshfldo dv|pswrwlf qhvwlqj dqg grhv qrw uhtxluh wkh uhvhdufkhu wr

pdnh dq| dvvxpswlrqv eh|rqg Jdxvvldqlw| dqg wkh odj rughu1

Wkh sodq ri wkh uhpdlqghu ri wklv sdshu lv dv iroorzv1 Lq vhfwlrq 5/ L ghvfuleh

wkh prgho dqg rxwolqh wkh h{lvwlqj dssurdfkhv wr lqihuhqfh iru lpsxovh uhvsrqvhv1 Lq

vhfwlrq 6/ L ghvfuleh wkh dssurdfk sursrvhg lq wklv sdshu1 Lq vhfwlrq 7/ wkh fryhu0

djh dqg phdq zlgwk ri wkh sursrvhg frq�ghqfh lqwhuydov dqg ri wkh ohdglqj h{lvwlqj

dowhuqdwlyhv duh h{dplqhg lq d Prqwh0Fduor vlpxodwlrq ri d vlpsoh elyduldwh YDU1

Vhfwlrq 8 frqfoxghv1 Wkurxjkrxw wkh sdshu/ L irfxv rq frq�ghqfh lqwhuydov iru lp0

sxovh uhvsrqvhv/ exw doo wkh vdph dojrulwkpv fdq ri frxuvh eh xvhg wr irup frq�ghqfh

lqwhuydov iru dq| ixqfwlrq ri wkh YDU prgho sdudphwhuv/ vxfk dv yduldqfh ghfrp0

srvlwlrqv1 Dovr/ wkurxjkrxw wkh sdshu/ dv lq yluwxdoo| doo ri wkh uhodwhg olwhudwxuh
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+h1j1 Uxqnoh 4<;:> O wnhsrko 4<<3> Nloldq 4<<;d,/ L frqvwuxfw srlqwzlvh frq�ghqfh

lqwhuydov/ l1h1 frq�ghqfh lqwhuydov iru wkh lpsxovh uhvsrqvh dw d vlqjoh ohdg wlph1

51 Wkh H{lvwlqj Phwkrgv

Frqvlghu wkh Jdxvvldq YDU

�Eu�+| ' 0| +514,

zkhuh �Eu� ' U � PR
&'f�&u

&/ u ghqrwhv wkh odj rshudwru/ 0| lv llgQ+3/l,/ +| dqg 0|

duh 6{4 yhfwruv dqg wkh vdpsoh vl}h lv A 1 Wkh revhuyhg wlph vhulhv/ +|/ frxog eh

dxjphqwhg e| d frqvwdqw/ ru e| d frqvwdqw dqg d wuhqg1 Wkh odj rughu R lv dvvxphg

wr eh �qlwh dqg nqrzq1 Ohw w� ' E�eSE���
�c �eSE�2�

�c ����eSE�R�
���/ wl ' �eS�El�

dqg w ' Ew
�

�c w
�

l�
� ghqrwh wkh yhfwru ri prgho sdudphwhuv41 Ohw � ghqrwh wkh orzhu

wuldqjxodu Fkrohvn| idfwru ri l/ vr wkdw l ' �� �1 Wkh YDU pd| eh zulwwhq lq

frpsdqlrq irup dv 1| ' �1|3� n l|/ zkhuh 1| ' E+
�

|c +
�

|3�c ���+
�

|3R�
�

/ l| ' E0
�

|c f
�c ���f���

dqg

� '

3
EEEC

�� �2 ��� �R

U6ER3�� f6ER3��{6

4
FFFD1

4Wkurxjkrxw wklv sdshu/ yhf+1, ghqrwhv wkh froxpq vwdfnlqj rshudwru dqg yhfk+1, ghqrwhv wkh
froxpq vwdfnlqj rshudwru wkdw rplwv doo hohphqwv deryh wkh gldjrqdo1
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Ohw wkh prylqj dyhudjh uhsuhvhqwdwlrq ri wkh prgho eh +| ' �Eu�0| zkhuh �Eu� '

U n P"&'��&u
&> �& lv wkh pdwul{ jlyhq e| wkh �uvw 6 urzv dqg froxpqv ri �&1 Ohw

�| ' �3�0| eh dq 6{4 llgQ+3/L6, yhfwru ri vwuxfwxudo vkrfnv51 Ohw �,��Ew� ghqrwh

wkh � � � lpsxovh uhvsrqvh dw d ohdg wlph ,/ l1h1 wkh h�hfw ri d xqlw lqfuhdvh lq wkh

�wk hohphqw ri �| rq wkh �wk hohphqw ri +|n,1 Wklv lv wkh ��wk hohphqw ri �,� 1 Qr

vwdwlrqdulw| dvvxpswlrq lv ehlqj pdgh lq wklv jhqhudo prgho> dffruglqjo| wkh prgho

lv lqlwldol}hg e| wkh frqglwlrq +| ' f iru | � f1

Ohw 	w ' E	w
�

�c
	w

�

l�
� ghqrwh wkh xvxdo ohdvw vtxduhv hvwlpdwru ri w1 Wkh vwdqgdug

hvwlpdwru ri wkh lpsxovh uhvsrqvh �,��Ew� lv vlpso| �,��E
	w�1 Wklv srlqw hvwlpdwh lv ri

olwwoh ydoxh zlwkrxw d uholdeoh phdvxuh ri vdpsolqj huuru1 Wkhuh duh vhyhudo zlgho|

xvhg dssurdfkhv wr iruplqj frq�ghqfh lqwhuydov iru �,��Ew�1

Wkh �uvw dssurdfk lv wkh ghowd phwkrg +Uxqnoh +4<;:, dqg O wnhsrko +4<<3,,1

Li +| lv vwdwlrqdu| dqg K ' .E1|1
�

|� lv ri ixoo udqn
6/ wkhq

s
A E	w � w� $_ �Efc` Ew��c

5Pruh jhqhudoo|/ xw frxog eh gh�qhg dv d yhfwru ri lqghshqghqw vwdqgdug qrupdo vwuxfwxudo vkrfnv/
vxfk wkdw xw @ U�4%w/ zkhuh U lv d pdwul{ vxfk wkdw UU3 @ 
1 Wklv grhv qrw xqltxho| gh�qh U>
vrph rwkhu lghqwli|lqj dvvxpswlrqv duh uhtxluhg1 Lq wklv sdshu/ L xvh wkh prvw frpprq lghqwl�fdwlrq
vfkhph +d fdxvdo rughulqj,/ e| vhwwlqj U @ S / exw doo wkh phwkrgv glvfxvvhg lq wklv sdshu zrxog
zrun zlwk dq| rwkhu fkrlfh ri U1 Wkh Fkrohvn| idfwru S lv xqltxh rqo| xs wr srvwpxowlsolfdwlrq
e| dq| gldjrqdo pdwul{ zlwk hohphqwv 4 dqg 04 rq wkh gldjrqdo1 Wkh h{wud lghqwli|lqj dvvxpswlrqv
wkdw duh uhtxluhg wr flufxpyhqw wklv odfn ri xqltxhqhvv duh qrw frqwhqwlrxv/ dv wkh| rqo| uhvwulfw wkh
vljq ri wkh lpsxovh uhvsrqvhv1

6Qrwh wkdw � lv d forvhg0irup ixqfwlrq ri �/ dv yhf+�, @ +L � D 
 D,�4yhf+	�, zkhuh 	� @

H+�w�
3

w, @

�

 3
3 3

�
1
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dqg vr/ li
_�,

��Ew�

_w� 9' f/

s
A E�,��E

	w�� �,��Ew�� $_ �Efc
_�,

��
Ew�

_w� ` Ew�
_�,

��
Ew��

_w� �c

zkhuh

` Ew� '

3
EEEC

K3� 
 l f

f 2E(
�

6(6�
3�(

�

6El
 l�(6E(
�

6(6�
3�

4
FFFD c

dqg (6 lv wkh gxsolfdwlrq pdwul{/ gh�qhg vxfk wkdw �eSE8 � ' (6�eS�E8 � iru dq|

v|pphwulf 6{6 pdwul{ 8� Dffruglqjo|/ d <8( frq�ghqfh lqwhuydo iru wkh lpsxovh

uhvsrqvh �,��Ew� lv vlpso| jlyhq e|

�,��E
	w�	 ��bSI

A

u
_�,

��
E	w�

_w� ` E	w�
_�,

��
E	w��

_w� 1

O wnhsrko surylghv d udwkhu frpsolfdwhg h{solflw h{suhvvlrq iru
_�,

��Ew�

_w� 1 Wklv frq�0

ghqfh lqwhuydo pd| qrw kdyh wkh fruuhfw fryhudjh dv|pswrwlfdoo| li +| lv qrw vwdwlrqdu|7

ru li K lv vlqjxodu8 +vhh Ehqnzlw}/ O wnhsrko dqg Qhxpdqq +5333,,1

Wkh vhfrqg dssurdfk lv wkh errwvwuds +Uxqnoh +4<;:,,1 Ohw i	0|jA|'� ghqrwh wkh

uhvlgxdov fruuhvsrqglqj wr 	w�1 Uhvdpsolqj iurp wkhvh uhvlgxdov zlwk uhsodfhphqw/

errwvwuds vdpsohv pd| eh frqvwuxfwhg/ dqg wkh �� � lpsxovh uhvsrqvh dw ohdg wlph ,

7Wkh ghowd phwkrg lv dv|pswrwlfdoo| fruuhfw xqghu qrqvwdwlrqdulw| lq prvw YDUv/ exw qrw lq d
YDU+4, +vhh Skloolsv +4<<;,,1

8D xqlyduldwh DU+4,/ zkhuh wkh wuxh ydoxh ri wkh DU frh!flhqw lv }hur/ lv dq h{dpsoh ri d
vlwxdwlrq lq zklfk � zloo eh vlqjxodu1
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pd| eh hvwlpdwhg iurp wkhvh errwvwuds vdpsohv1 Wkh shufhqwlohv ri wkh glvwulexwlrq

ri wkh hvwlpdwhg lpsxovh uhvsrqvh dfurvv wkh errwvwuds uhsolfdwlrqv pd| eh xvhg wr

frqvwuxfw d frq�ghqfh lqwhuydo iru �,��Ew�
91

Wkh wklug dssurdfk lv wkh eldv0dgmxvwhg errwvwuds ri Nloldq +4<<;d,/ zklfk

fdq jhqhudwh vxevwdqwldo lpsuryhphqwv lq h�hfwlyh fryhudjh1 Wklv lqyroyhv xvlqj wkh

errwvwuds wr hvwlpdwh wkh eldv lq 	w� dqg wkhq dqfkrulqj wkh errwvwuds dw d eldv0

dgmxvwhg hvwlpdwh ri w�/ udwkhu wkdq dw 	w�1

Wkh �qdo frpprqo| xvhg h{lvwlqj phwkrg iru iruplqj lpsxovh uhvsrqvh frq�0

ghqfh lqwhuydov lv wkh Ed|hvldq Prqwh0Fduor lqwhjudwlrq phwkrg +Grdq +4<<3, dqg

Vlpv dqg ]kd +4<<<,,1 Wklv vlpso| lqyroyhv wdnlqj wkh shufhqwlohv ri wkh srvwhulru

glvwulexwlrq ri �,��Ew� zlwk d gl�xvh sulru dqg lqwhusuhwlqj wkhvh dv wkh erxqgv ri d

fodvvlfdo frq�ghqfh lqwhuydo1 Wkh| fdq hdvlo| eh rewdlqhg e| vlpxodwlrq/ vlqfh wkh

srvwhulru ri w lv qrupdo0lqyhuvh Zlvkduw1

Lq wklv sdshu/ L dvvxph wkdw wkh YDU lqqrydwlrqv duh Jdxvvldq1 Wklv dvvxps0

wlrq lv qrw qhfhvvdu| iru dq| ri wkh deryh surfhgxuhv/ h{fhsw iru wkh Ed|hvldq sur0

fhgxuh1 Krzhyhu/ L dgrsw wkh dvvxpswlrq ehfdxvh lw lv qhfhvvdu| iru wkh dssurdfk

wr lqihuhqfh zklfk L sursrvh lq wklv sdshu1 Nloldq +4<<;e, glvfxvvhv wkh lpsdfw ri

9Lq wkh whuplqrorj| ri Kdoo +4<<5,/ wklv lv wkh rwkhu shufhqwloh errwvwuds frq�ghqfh lqwhuydo1
Nloldq +4<<<, dujxhv wkdw wklv errwvwuds frq�ghqfh lqwhuydo zrunv ehvw lq hpslulfdoo| uhohydqw vdpsoh
vl}hv/ ghvslwh wkh kljkhu rughu dv|pswrwlf uh�qhphqwv wkdw duh dydlodeoh li wkh v|pphwulf shufhqwloh0w
frq�ghqfh lqwhuydo lv xvhg lqvwhdg1
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qrqqrupdolw| rq lqihuhqfh iru YDU lpsxovh uhvsrqvhv1

61 Wkh Sursrvhg Dssurdfk wr Lqihuhqfh

Wkh phwkrgv iru frqvwuxfwlqj frq�ghqfh lqwhuydov iru �,��Ew� glvfxvvhg lq vhfwlrq 5

kdyh ehhq hydoxdwhg lq qxphurxv Prqwh0Fduor vlpxodwlrqv1 Ghvslwh wkhlu dv|pswrwlf

mxvwl�fdwlrqv/ wkh| fdq doo kdyh fryhudjh wkdw lv zhoo ehorz wkh qrplqdo ohyho lq hp0

slulfdoo| uhohydqw vdpsoh vl}hv/ dv glvfxvvhg deryh1 Wklv prwlydwhv frqvlghudwlrq ri

dq dowhuqdwlyh dojrulwkp iru frqvwuxfwlqj lpsxovh uhvsrqvh frq�ghqfh lqwhuydov lq d

YDU1

Vxssrvh wkdw wf lv wkh wuxh sdudphwhu ydoxh dqg ohw 8 Ewf� ghqrwh wkh I vwdwlvwlf

whvwlqj wkh k|srwkhvlv wkdw w ' wf/ l1h1

8 Ewf� ' A E	w � wf�
�` E	w�3�E	w � wf��

Vlqfh wkh prgho lv frpsohwho| vshfl�hg zkhq wkh sdudphwhu yhfwru lv nqrzq/ lw lv

srvvleoh wr vlpxodwh wkh glvwulexwlrq ri 8 Ewf�/ wr dq duelwudu| ghjuhh ri dffxudf|/

dqg vr wr vroyh iru wkh fulwlfdo ydoxhv bEwfc k�� vxfk wkdw � d8 Ewf� � bEwfc k��o ' k�1

Dq h{dfw whvw ri wkh k|srwkhvlv wkdw w ' wf fdq wkxv eh frqgxfwhg e| frpsdulqj

8 zlwk wkh fruuhfw fulwlfdo ydoxh1 Ohw 7wEk�� ghqrwh wkh 433+40k��I frq�ghqfh vhw

iru w rewdlqhg e| lqyhuwlqj wkh dffhswdqfh uhjlrq ri wklv whvw/ l1h1 7wEk�� ' iw G

8 Ew� � bEwc k��j1 Wklv frq�ghqfh vhw iru w lv hvvhqwldoo| d pxowlyduldwh h{whqvlrq ri
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wkh julg errwvwuds frq�ghqfh vhw sursrvhg e| Kdqvhq +4<<<,/ h{fhsw wkdw wkh fulwlfdo

ydoxhv duh vlpxodwhg iurp wkh dfwxdo sdudphwulf prgho udwkhu wkdq iurp dq| uhvlgxdo0

edvhg errwvwuds1 Lw fdq dovr eh wkrxjkw ri dv d pxowlyduldwh h{whqvlrq ri wkh h{dfw

frq�ghqfh vhw iru wkh frh!flhqw ri d xqlyduldwh Jdxvvldq DU+4, prgho/ sursrvhg e|

Dqguhzv +4<<6,1 Zkloh 8 Ewf� pd| kdyh dq dv|pswrwlf �2 glvwulexwlrq/ wkh frq�ghqfh

vhw 7wEk�� lv ydolg zkhwkhu wklv lv wuxh ru qrw dqg kdv wkh fruuhfw fryhudjh qrw mxvw

dv|pswrwlfdoo|/ exw dovr lq vpdoo vdpsohv1

Frqwlqxh wr vxssrvh wkdw wf lv wkh wuxh sdudphwhu ydoxh1 Vlqfh wkh prgho lv

frpsohwho| vshfl�hg zkhq wkh sdudphwhu yhfwru lv nqrzq/ lw lv srvvleoh wr vroyh iru

fulwlfdo ydoxhv VE�c �c ,c wfc k2� vxfk wkdw

� d�,��E
	w�� VE�c�c,cwfck2�I

A

u
_�,

��
E	w�

_w� ` E	w�
_�,

��
E	w��

_w� � �,��Ewf� �

�,��E
	w�� VE�c�c,cwfck2�I

A

u
_�,

��
E	w�

_w� ` E	w�
_�,

��
E	w��

_w� o ' k2c

e| vlpxodwlrq/ wr dq duelwudu| ghjuhh ri dffxudf|1 D gl�huhqw vlpxodwlrq lv uhtxluhg

iru hdfk lpsxovh uhvsrqvh dqg iru hdfk wf1 Ri frxuvh/ wkh wuxh ydoxh ri wkh sdudphwhu

yhfwru lv xqnqrzq/ exw 7wEk�� lv dq h{dfw frq�ghqfh vhw iru lw1 Vr/ e| wkh Erqihuurql

lqhtxdolw|/ wkh frq�ghqfh lqwhuydo

�,��E
	w�	 VWE�c �c ,c k�ck2�s

A

yxxw_�,��E
	w�

_w�
`

_�,��E
	w��

_w�
+614,

kdv fryhudjh ri dw ohdvw 433+40k� � k2,(/ zkhuh

;



VWE�c �c ,c k�ck2� ' t�T
w07wEk��

VE�c �c ,c wc k2� ' t�T
wG8 Ew�$bEwck��

VE�c �c ,c wc k2�� +615,

Wklv vwdwhphqw lv wuxh lq vpdoo vdpsohv/ dqg uhtxluhv qr dvvxpswlrqv wkdw 	w lv urrw0W

frqvlvwhqw ru dv|pswrwlfdoo| qrupdo1 Wkh fulwlfdo ydoxhv VWE�c �c ,c k�ck2� fdq eh re0

wdlqhg e| vwdqgdug qxphulfdo rswlpl}dwlrq phwkrgv/ dowkrxjk wklv lv frpsxwdwlrqdoo|

lqwhqvlyh/ vlqfh vlpxodwlrq phwkrgv pxvw eh xvhg wr rewdlq wkh ixqfwlrq hydoxdwlrqv:1

Wkh frq�ghqfh lqwhuydov lq htxdwlrq 614 duh wkrvh sursrvhg lq wklv sdshu;1 Orrvho|

vshdnlqj/ wkh| frqvlvw ri xvlqj d sdudphwulf errwvwuds wr vl}h0dgmxvw wkh ghowd phwkrg

frq�ghqfh lqwhuydov1 Lq wkh vdph zd|/ lw zrxog eh srvvleoh wr vl}h0dgmxvw wkh rwkhu ds0

surdfkhv wr lqihuhqfh iru frq�ghqfh lqwhuydov +wkh uhjxodu errwvwuds/ wkh eldv0dgmxvwhg

errwvwuds ru wkh Ed|hvldq phwkrg,1 Exw wklv zrxog eh vwloo pruh frpsxwdwlrqdoo|

lqwhqvlyh1

D odujh sduw ri zkdw pdnhv lqihuhqfh derxw lpsxovh uhvsrqvhv gl!fxow lv wkdw

wkh w0vwdwlvwlfv dvvrfldwhg zlwk wkhvh lpsxovh uhvsrqvhv duh idu iurp ehlqj slyrwdo lq

hpslulfdoo| uhohydqw vdpsoh vl}hv/ dv glvfxvvhg lq sduwlfxodu e| Nloldq +4<<<,1 Wklv

:Lq wkh rswlplvdwlrq lq htxdwlrq 615/ wkh sdudphwhu vsdfh iru �D lv xquhvwulfwhg/ zkloh wkh sdud0
phwhu vsdfh iru �
 lv uhvwulfwhg rqo| e| wkh uhtxluhphqw wkdw 
 pxvw eh srvlwlyh gh�qlwh1

;Dqrwkhu srvvleoh frqvhuydwlyh frq�ghqfh lqwhuydo iru wkh l� m lpsxovh uhvsrqvh dw ohdg wlph o lv
+lqi�%V�+�4, k

o
lm+�,> vxs�%V�+�4, k

o
lm+�,,/ zklfk kdv fryhudjh ri dw ohdvw 433+40�4,(1 Exw vlpxodwlrqv

lqglfdwh wkdw wklv frq�ghqfh lqwhuydo lv idu zlghu wkdq wkh frqvhuydwlyh frq�ghqfh lqwhuydov sursrvhg
khuh1
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odfn ri slyrwdoqhvv fdq dulvh erwk lq qrqvwdwlrqdu| +ru qhduo| qrqvwdwlrqdu|, YDUv

dqg lq YDUv wkdw duh fohduo| vwdwlrqdu|1 Phdqzkloh/ wkh errwvwuds lv riwhq prwlydwhg

edvhg rq wkh dvvxpswlrq ri dv|pswrwlf slyrwdoqhvv +Kdoo +4<<5,,1 Li wkhvh w0vwdwlvwlfv

zhuh h{dfwo| slyrwdo/ wkhq VE�c �c ,c wc k2� zrxog qrw ghshqg rq w dqg zrxog htxdo

VWE�c �c ,c k�ck2�1 Wkh frq�ghqfh lqwhuydov lq 614 zrxog wkhq kdyh dq h�hfwlyh fryhudjh

ri h{dfwo| 433+40k2,(1 Vhwwlqj k� ' f +h�hfwlyho| glvshqvlqj zlwk wkh 8 Ewf� whvw,/

wkh frq�ghqfh lqwhuydov lq htxdwlrq 614 zrxog wkhq eh h{dfw1 Exw wkh w0vwdwlvwlfv dv0

vrfldwhg zlwk wkh lpsxovh uhvsrqvh duh w|slfdoo| idu iurp ehlqj slyrwdo1 Wkh sursrvhg

frq�ghqfh lqwhuydov fdq eh wkrxjkw ri dv flufxpyhqwlqj wklv sureohp e| fdofxodwlqj

dq xsshu erxqg rq wkhlu odfn ri slyrwdoqhvv1

Wkh sursrvhg frq�ghqfh lqwhuydov pxvw e| frqvwuxfwlrq kdyh dq h�hfwlyh fry0

hudjh udwh juhdwhu wkdq ru htxdo wr wkh qrplqdo ohyho/ lq doo vdpsoh vl}hv1 Wkh| duh

h{dfwo| frqvhuydwlyh frq�ghqfh lqwhuydov<1 Wkh idfw wkdw wkh fryhudjh ri wkhvh frq0

�ghqfh lqwhuydov lv w|slfdoo| deryh wkh qrplqdo ohyho lv qrw d sureohp lq lwvhoi1 Li d

uhvhdufkhu lv frqfhuqhg wkdw wkh fryhudjh ri d frq�ghqfh lqwhuydo lv �wrr kljk�/ wkhq

lw lv hdv| wr �{ wklv doohjhg sureohp e| vlpso| vshfli|lqj wkdw wkh frq�ghqfh lqwhuydo

lv hpsw| zlwk vrph vshfl�hg suredelolw|/ wkhuhe| udlvlqj wkh suredelolw| ri pdnlqj d

W|sh L huuru1 Exw frqvhuydwlyh frq�ghqfh lqwhuydov fdq eh h{shfwhg wr eh uhodwlyho|

<Lq d voljkw dexvh ri qrwdwlrq/ iroorzlqj iru h{dpsoh Fdpsehoo dqg Gxirxu +4<<:,/ L uhihu wr wkhvh
frq�ghqfh lqwhuydov dv �h{dfw� lq wkh wlwoh ri wkh sdshu1
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zlgh1 Wkh h�hfwlyh fryhudjh dqg phdq zlgwk ri wkh dowhuqdwlyh frq�ghqfh lqwhuydov

zloo eh h{soruhg e| Prqwh0Fduor vlpxodwlrqv lq vhfwlrq 71

71 Prqwh0Fduor Uhvxowv

Lq wklv vhfwlrq/ L uhsruw wkh uhvxowv ri Prqwh0Fduor vlpxodwlrqv/ dvvhvvlqj wkh surshu0

wlhv ri wkh sursrvhg frq�ghqfh lqwhuydov dqg frpsdulqj wkhp zlwk wkrvh ri wkh ghowd

phwkrg/ errwvwuds/ eldv0dgmxvwhg errwvwuds dqg Ed|hvldq frq�ghqfh lqwhuydov1 Wkh

vlpxodwlrq ghvljq iroorzv Jul!wkv dqg O wnhsrko +4<<6,/ Idfklq dqg Eudyhwwl +4<<9,

dqg Nloldq +4<<;d/ 4<<<,1 Wkh srsxodwlrq prgho lv d elydudwh YDU+4, ri wkh irup

+| '

3
EEEC

q f

f�D f�D

4
FFFD +|3� n 0|/

zkhuh 0| lv llgQ+3/

3
EEEC

� f��

f�� �

4
FFFD,1 Wkh prgho lv hvwlpdwhg zlwk dq lqwhufhsw/ wkh wuxh

ydoxh ri zklfk lv }hur1

Wkh frqvwuxfwlrq ri wkh sursrvhg frq�ghqfh lqwhuydov lv frqvlghudeo| pruh frp0

sxwdwlrqdoo| ghpdqglqj wkdq dq| ri wkh rwkhu dojrulwkpv1 Prvw qrwdeo|/ d qhz vhw ri

vlpxodwlrqv lv uhtxluhg iru hdfk lpsxovh uhvsrqvh dw hdfk ohdg wlph1 Lw wdnhv derxw 73

plqxwhv zlwk d 883Pk}1 surfhvvru wr frqvwuxfw wkh sursrvhg frq�ghqfh lqwhuydo iru

rqh lpsxovh uhvsrqvh dw rqh sduwlfxodu ohdg wlph lq d elyduldwh YDU+4,1 Zkloh wklv
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lv qrw d sureohp iru dq| rqh uhsolfdwlrq/ wkh frpsxwdwlrqdo exughq lq d Prqwh0Fduor

frqwh{w lv yhu| frqvlghudeoh1 L wkhuhiruh uhvwulfw p|vhoi wr hydoxdwlqj wkh frq�ghqfh

lqwhuydov iru wkh 405 lpsxovh uhvsrqvh/ �,�2/ zlwk ,@8/43 dqg q@31</31<:/41 Wkh vdpsoh

vl}h lv 4331 Wkhvh duh sdudphwhu frq�jxudwlrqv zklfk jhqhudwhg vrph ri wkh prvw

lqwhuhvwlqj uhvxowv lq Nloldq +4<<;d,431 L xvh 833 uhsolfdwlrqv lq doo wkh vlpxodwlrqv

wr dssur{lpdwh bEwfc k�� dqg VE�c �c ,c wc k2�1 L frqgxfw 533 uhsolfdwlrqv ri hdfk ri wkh

Prqwh0Fduor h{shulphqwv +wrwdo FSX wlph lq hdfk ri wkh 9 h{shulphqwv lv derxw 9

gd|v,1 Wklv lv d vpdoo qxpehu ri uhsolfdwlrqv/ exw lw uh hfwv wkh kljk frpsxwdwlrqdo

frvw1 Ehvlghv/ wkh gl�huhqfhv wkdw L �qg ehwzhhq wkh surshuwlhv ri wkh dowhuqdwlyh

phwkrgv iru iruplqj frq�ghqfh lqwhuydov duh vr odujh wkdw wkh| duh fohduo| vljql�fdqw/

hyhq zlwk wklv vpdoo qxpehu ri uhsolfdwlrqv1

Wkh h�hfwlyh fryhudjh ri wkh ydulrxv dowhuqdwlyh frq�ghqfh lqwhuydov dqg wkhlu

phdq zlgwk duh uhsruwhg lq Wdeohv 4 dqg 5/ uhvshfwlyho|441 Wkhvh frq�ghqfh lqwhuydov

doo kdyh qrplqdo fryhudjh ri 9;(1 L iroorz Vlpv dqg ]kd +4<<<, lq frqvlghulqj frq�0

ghqfh lqwhuydov ri 9;( fryhudjh/ lqvwhdg ri pruh frqyhqwlrqdo <3( ru <8( frq�ghqfh

43Wkhvh duh dovr vlplodu wr wkh sdudphwhu frq�jxudwlrqv lq wkh uhvxowv uhsruwhg e| Idfklq dqg
Eudyhwwl +4<<9,/ zkr olnhzlvh frqvlghuhg rqo| wkh 405 lpsxovh uhvsrqvhv/ zlwk o@3/4/5/6 dqg �@0318
dqg 31<1 Krzhyhu/ L wklqn wkdw lw lv lpsruwdqw wr frqvlghu lpsxovh uhvsrqvhv dw kljkhu ohdg wlphv
ehfdxvh wkh| duh ri lqwhuhvw wr dssolhg uhvhdufkhuv dqg ehfdxvh wkh fryhudjh sureohpv jhqhudoo| jhw
pruh vhulrxv dv wkh ohdg wlph ulvhv1

44Wkh ghowd phwkrg/ errwvwuds/ eldv0dgmxvwhg errwvwuds dqg Ed|hvldq frq�ghqfh lqwhuydov duh
doo lpsohphqwhg h{dfwo| dv glvfxvvhg lq Nloldq +4<<;d,1 Lq hdfk lpsohphqwdwlrq ri wkh errwvwuds
dqg eldv0dgmxvwhg errwvwuds/ 4/333 errwvwuds uhsolfdwlrqv duh frqgxfwhg1 Olnhzlvh wkh Ed|hvldq
frq�ghqfh lqwhuydov duh frqvwuxfwhg e| wdnlqj 4/333 gudzv iurp wkh srvwhulru1
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lqwhuydov1 Wkh ghowd phwkrg/ errwvwuds +uhjxodu dqg eldv0dgmxvwhg, dqg Ed|hvldq

frq�ghqfh lqwhuydov doo kdyh fryhudjh wkdw fdq eh vxevwdqwldoo| wrr orz1 Wkh sureohp

jhwv zruvh dv wkh ohdg wlph , lqfuhdvhv dqg dv q jhwv forvhu wr 41 Lq wkhvh vlpxodwlrqv/

wkh eldv0dgmxvwhg errwvwuds dqg Ed|hvldq frq�ghqfh lqwhuydov kdyh jhqhudoo| kljkhu

fryhudjh wkdq wkh ghowd phwkrg dqg uhjxodu errwvwuds frq�ghqfh lqwhuydov/ exw/ li

q ' �/ qrqh ri wkhvh phwkrgv dfklhyhv dq h�hfwlyh fryhudjh deryh 64(/ iru hlwkhu

ohdg wlph1 Rq wkh rwkhu kdqg/ wkh sursrvhg frq�ghqfh lqwhuydov kdyh fryhudjh wkdw lv

frqvlvwhqwo| durxqg <3(1 Wklv lv qrw pdwhuldoo| d�hfwhg e| q ru ,1 Wkh gl�huhqfh lq

h�hfwlyh fryhudjh udwhv dfurvv wkh dowhuqdwlyh phwkrgv lv xqdpeljxrxv/ qrwzlwkvwdqg0

lqj wkh uhodwlyho| vpdoo qxpehu ri uhsolfdwlrqv wkdw L udq iru uhdvrqv ri frpsxwdwlrqdo

frvw1

Wkh sursrvhg frq�ghqfh lqwhuydov duh frqvhuydwlyh lq doo vdpsoh vl}hv/ e| frq0

vwuxfwlrq/ dqg vr lw lv qrw vxusulvlqj wkdw wkh| kdyh dq h�hfwlyh fryhudjh zhoo deryh

wkh qrplqdo ohyho1 Wkh phdq zlgwk ri wkh dowhuqdwlyh frq�ghqfh lqwhuydov lv dovr ri

lqwhuhvw1 Wkh ghowd phwkrg/ errwvwuds/ eldv0dgmxvwhg errwvwuds dqg Ed|hvldq frq�0

ghqfh lqwhuydov doo kdyh txlwh vlplodu phdq zlgwk1 Wkh sursrvhg frq�ghqfh lqwhuydov

duh jhqhudoo| derxw 6 wlphv zlghu1 Wklv lv wkh sulfh wkdw zh sd| iru frqwuroolqj fryhu0

djh1 Frqvlghulqj krz srru wkh fryhudjh ri wkh rwkhu frq�ghqfh lqwhuydov lv/ lw pd| eh

d sulfh zruwk sd|lqj1 Wkh frqyhqwlrqdo iuhtxhqwlvw dssurdfk wr iruplqj frq�ghqfh

lqwhuydov vshfl�hv oh{lfrjudsklf suhihuhqfhv/ dv lw plqlpl}hv zlgwk vxemhfw wr wkh frq0
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vwudlqw wkdw fryhudjh pxvw eh frqwuroohg1 E| wklv fulwhulrq/ wkh sursrvhg frq�ghqfh

lqwhuydov pxvw eh suhihuuhg wr doo wkh dowhuqdwlyhv/ vlqfh qrqh ri wkhvh dowhuqdwlyhv

frqwurov fryhudjh1 Hyhq wdnlqj d ohvv uljlg dssurdfk wr wkh wudghr� ehwzhhq fryhu0

djh dqg zlgwk/ lw vwloo vhhpv khosixo wr kdyh dq dojrulwkp iru frqvwuxfwlqj lpsxovh

uhvsrqvh frq�ghqfh lqwhuydov wkdw lv jxdudqwhhg wr frqwuro fryhudjh1 Lw phdqv wkdw

wkh uhvhdufkhu fdq vhsdudwh wkrvh vlwxdwlrqv lq zklfk wkh vljql�fdqfh ri dq lpsxovh

uhvsrqvh lv eh|rqg txhvwlrq +surylghg wkdw wkh prgho lv fruuhfwo| vshfl�hg, iurp

wkrvh lq zklfk lw pd| eh dq duwlidfw ri wkh vhulrxv hfrqrphwulf gl!fxowlhv dvvrfldwhg

zlwk ghowd phwkrg/ errwvwuds ru Ed|hvldq frq�ghqfh lqwhuydov1 Lq wkh elyduldwh YDU

frqvlghuhg lq wkhvh vlpxodwlrqv/ li q ' �/ wkhq wkh wuxh 405 lpsxovh uhvsrqvh dw dq

lq�qlwh ohdg wlph lv 41 Phdqzkloh/ li q 	 �/ wkhq lw lv 31 Zkhq wkh wuxh ydoxh ri

q lv forvh wr 4/ lw lv qrw srvvleoh uholdeo| wr lqihu iurp d vdpsoh zkhwkhu q ' � ru

q lv voljkwo| ehorz 41 Vr d frq�ghqfh lqwhuydo iru wkh lpsxovh uhvsrqvh dw d orqj ohdg

wlph vkrxog kdyh d zlgwk ri dw ohdvw 4= rwkhuzlvh lw fdqqrw krsh wr frqwuro fryhudjh

xqlirupo| lq q1 Wkh ghowd phwkrg/ errwvwuds/ eldv0dgmxvwhg errwvwuds dqg Ed|hvldq

frq�ghqfh lqwhuydov doo kdyh phdq zlgwk lq wkh udqjh 315803178/ zkloh wkh sursrvhg

frq�ghqfh lqwhuydov kdyh phdq zlgwk lq wkh udqjh 31;04181 Lq wkh oljkw ri wklv lqwx0

lwlrq iru zkdw wkh zlgwk ri d surshuo| frqvwuxfwhg frq�ghqfh lqwhuydo vkrxog eh/ lw

vhhpv wkdw wkh zlgwk ri wkh sursrvhg frq�ghqfh lqwhuydov lv pdlqo| dq dssursuldwh

vwdwhphqw ri rxu xqfhuwdlqw| derxw lpsxovh uhvsrqvhv1
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81 Frqfoxvlrq

Lq wklv sdshu/ L kdyh sursrvhg d qhz phwkrg iru iruplqj frq�ghqfh lqwhuydov iru

lpsxovh uhvsrqvhv lq Jdxvvldq YDUv1 Wkh phwkrg kdv wkh dgydqwdjh wkdw lw lv h{0

dfwo| frqvhuydwlyh> wkh uhvxowlqj frq�ghqfh lqwhuydov kdyh fryhudjh wkdw lv juhdwhu

wkdq ru htxdo wr wkh qrplqdo ohyho lq doo vdpsoh vl}hv1 E| frqwudvw/ doo ri wkh h{lvwlqj

phwkrgv iru iruplqj frq�ghqfh lqwhuydov iru lpsxovh uhvsrqvhv fdq hdvlo| kdyh h�hf0

wlyh fryhudjh idu ehorz wkh qrplqdo ohyho lq hpslulfdoo| uhohydqw prghov dqg vdpsoh

vl}hv1

Wkh sursrvhg frq�ghqfh lqwhuydov duh uhodwlyho| zlgh1 Wkh frqyhqwlrqdo iuh0

txhqwlvw dssurdfk wr iruplqj frq�ghqfh lqwhuydov vshfl�hv oh{lfrjudsklf suhihuhqfhv/

dv lw plqlpl}hv zlgwk vxemhfw wr wkh frqvwudlqw wkdw fryhudjh pxvw eh frqwuroohg1 E|

wklv fulwhulrq/ wkh sursrvhg frq�ghqfh lqwhuydov pxvw eh suhihuuhg wr doo wkh dowhu0

qdwlyhv/ vlqfh qrqh ri wkhvh dowhuqdwlyhv frqwurov fryhudjh1 Hyhq wdnlqj d ohvv uljlg

dssurdfk wr wkh wudghr� ehwzhhq fryhudjh dqg zlgwk/ lw vwloo vhhpv khosixo wr kdyh dq

dojrulwkp iru frqvwuxfwlqj lpsxovh uhvsrqvh frq�ghqfh lqwhuydov wkdw lv jxdudqwhhg

wr frqwuro fryhudjh1 Lqghhg/ L kdyh dujxhg wkdw wkh zlgwk ri wkh sursrvhg frq�0

ghqfh lqwhuydov lv pdlqo| dq dssursuldwh vwdwhphqw ri rxu xqfhuwdlqw| derxw lpsxovh

uhvsrqvhv lq YDUv wkdw duh rq wkh vwdwlrqdu|0qrqvwdwlrqdu| erughuolqh1

Wkh dojrulwkp iru frqvwuxfwlqj wkhvh frq�ghqfh lqwhuydov lv frpsxwdwlrqdoo| lq0

whqvlyh/ exw lv vwloo zrundeoh lq vrph vlpsoh YDUv1 Dv frpsxwdwlrqdo srzhu lqfuhdvhv/
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wkh phwkrg sursrvhg lq wklv sdshu zloo ehfrph sudfwlfdo lq odujhu YDUv1

Shukdsv lq ixwxuh uhvhdufk vrph rwkhu dojrulwkp zloo eh sursrvhg wkdw jlyhv

vkruwhu frq�ghqfh lqwhuydov wkdw vwloo frqwuro fryhudjh1 Wkh dojrulwkp lq wklv sdshu

fdq eh wkrxjkw ri dv d vl}h0dgmxvwphqw wr wkh ghowd phwkrg= frqfhswxdoo| h{dfwo| wkh

vdph vl}h0dgmxvwphqw frxog eh dssolhg wr wkh eldv0dgmxvwhg errwvwuds1 Wklv pljkw jlyh

d vkruwhu frq�ghqfh lqwhuydo zkloh vwloo frqwuroolqj fryhudjh/ ehfdxvh ri lwv vxshulru

orfdwlrq/ exw wkh frpsxwdwlrqdo frvw ri wklv lv dw suhvhqw hqwluho| surklelwlyh1

Uhihuhqfhv

Dqguhzv/ G1Z1N1 +4<<6,= H{dfwo| Phgldq0Xqeldvhg Hvwlpdwlrq ri Iluvw Rughu Dx0

wruhjuhvvlyh2Xqlw Urrw Prghov/ Hfrqrphwulfd/ 94/ ss146<04991

Ehqnzlw}/ D1/ K1 O wnhsrko dqg P1K1 Qhxpdqq +5333,= Sureohpv Uhodwhg wr Frq�0

ghqfh Lqwhuydov iru Lpsxovh Uhvsrqvhv ri Dxwruhjuhvvlyh Surfhvvhv/ Hfrqrphwulf Uh0

ylhzv/ 4</ ss19<04361

Fdpsehoo/ E1 dqg M1P1 Gxirxu +4<<:,= H{dfw Qrqsdudphwulf Whvwv ri Ruwkrjrqdolw|

dqg Udqgrp Zdon lq wkh Suhvhqfh ri d Guliw Sdudphwhu/ Lqwhuqdwlrqdo Hfrqrplf

Uhylhz/ 6;/ ss148404:61

Idfklq/ V1 dqg O1 Eudyhwwl +4<<9,= Dv|pswrwlf Qrupdo dqg Errwvwuds Lqihuhqfh lq

Vwuxfwxudo YDU Dqdo|vlv/ Mrxuqdo ri Iruhfdvwlqj/ 48/ ss165<06741

Grdq/ W1D1 +4<<3,= �UDWV Xvhu*v Pdqxdo�/ YDU Hfrqrphwulfv/ Hydqvwrq1
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Jul!wkv/ Z1 dqg K1 O wnhsrko +4<<6,= Frq�ghqfh Lqwhuydov iru Lpsxovh Uhvsrqvhv

iurp YDUPrghov= D Frpsdulvrq ri Dv|pswrwlf Wkhru| dqg Vlpxodwlrq Dssurdfkhv1

Plphr1

Kdoo/ S1 +4<<5,= �Wkh Errwvwuds dqg wkh Hgjhzruwk H{sdqvlrq�/ Vsulqjhu0Yhuodj/

Qhz \run1

Kdqvhq/ E1H1 +4<<<,= Wkh Julg Errwvwuds dqg wkh Dxwruhjuhvvlyh Prgho/ Uhylhz ri

Hfrqrplfv dqg Vwdwlvwlfv/ ;4/ ss18<7093:1

Nloldq/ O1 +4<<;d,= Vpdoo0Vdpsoh Frq�ghqfh Lqwhuydov iru Lpsxovh Uhvsrqvh Ixqf0

wlrqv/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ ;3/ ss154;05631

Nloldq/ O1 +4<<;e,= Frq�ghqfh Lqwhuydov iru Lpsxovh Uhvsrqvhv Xqghu Ghsduwxuhv

iurp Qrupdolw|/ Hfrqrphwulf Uhylhzv/ 4:/ ss1405<1

Nloldq/ O1 +4<<<,= Ilqlwh Vdpsoh Surshuwlhv ri Shufhqwloh dqg Shufhqwloh0w Errwvwuds

Frq�ghqfh Lqwhuydov iru Lpsxovh Uhvsrqvhv/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ ;4/

ss198509931

O wnhsrko/ K1 +4<<3,= Dv|pswrwlf Glvwulexwlrqv ri Lpsxovh Uhvsrqvh Ixqfwlrqv dqg

Iruhfdvw Huuru Yduldqfh Ghfrpsrvlwlrqv ri Yhfwru Dxwruhjuhvvlyh Prghov/ Uhylhz ri

Hfrqrplfv dqg Vwdwlvwlfv/ :5/ ss144904581

O wnhsrko/ K1 +4<<9,= Whvwlqj iru Qrq}hur Lpsxovh Uhvsrqvhv lq Yhfwru Dxwruhjuhv0

vlyh Surfhvvhv/ Mrxuqdo ri Vwdwlvwlfdo Sodqqlqj dqg Lqihuhqfh/ 83/ ss140531

Skloolsv/ S1F1E1 +4<<;,/ Lpsxovh Uhvsrqvh dqg Iruhfdvw Yduldqfh Dv|pswrwlfv lq Qrq0
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vwdwlrqdu| YDUv/ Mrxuqdo ri Hfrqrphwulfv/ ;6/ 540891

Uxqnoh/ G1H1 +4<;:,= Yhfwru Dxwruhjuhvvlrqv dqg Uhdolw|/ Mrxuqdo ri Exvlqhvv dqg

Hfrqrplf Vwdwlvwlfv/ 8/ ss176:07751

Vlpv/ F1D1 +4<;3,= Pdfurhfrqrplfv dqg Uhdolw|/ Hfrqrphwulfd/ 7;/ ss1417;1

Vlpv/ F1D1 dqg W1 ]kd +4<<<,= Huuru Edqgv iru Lpsxovh Uhvsrqvhv/ Hfrqrphwulfd/

9:/ ss14446044881

Zuljkw/ M1K1 +5333,= Frq�ghqfh Lqwhuydov iru Xqlyduldwh Lpsxovh Uhvsrqvhv zlwk d

Qhdu Xqlw Urrw/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 4;/ ss169;06:61

4;



Wdeoh 4= H�hfwlyh Fryhudjh ri Dowhuqdwlyh Frq�ghqfh Lqwhuydov iru wkh 405 Lpsxovh
Uhvsrqvh

+9;( Qrplqdo Fryhudjh,

Ghowd Phwkrg Errwvwuds E1D1 Errwvwuds Ed|hvldq Sursrvhg

� @ 3=< o @ 8 318: 3165 318< 318< 31<4
o @ 43 318: 3167 3195 3193 31<6

� @ 3=<: o @ 8 3177 3153 3176 317; 31;:
o @ 43 3167 3143 316< 3176 31<5

� @ 4 o @ 8 3164 3149 3164 3174 31<4
o @ 43 314; 3139 3149 315; 31;<

Qrwhv= Wkh gl�huhqw phwkrgv ri frqvwuxfwlqj wkh frq�ghqfh lqwhuydov duh ghvfulehg lq wkh
wh{w> E1D1 errwvwuds uhihuv wr wkh eldv0dgmxvwhg errwvwuds1 Wkh vdpsoh vl}h lq wkhvh vlpx0
odwlrqv lv 4331 Prqwh0Fduor vwdqgdug huuruv ydu|/ exw duh lq doo fdvhv ehorz 31371



Wdeoh 5= Phdq Zlgwk ri Dowhuqdwlyh Frq�ghqfh Lqwhuydov iru wkh 405 Lpsxovh Uhvsrqvh
+9;( Qrplqdo Fryhudjh,

Ghowd Phwkrg Errwvwuds E1D1 Errwvwuds Ed|hvldq Sursrvhg

� @ 3=< o @ 8 315; 315< 3164 315< 31;3
o @ 43 315< 315< 3165 3164 31<8

� @ 3=<: o @ 8 315: 3163 3164 315< 31;8
o @ 43 3168 3168 3175 316; 417;

� @ 4 o @ 8 3158 315< 3163 315: 31;8
o @ 43 3166 316; 3175 316: 4177

Qrwhv= Wkh gl�huhqw phwkrgv ri frqvwuxfwlqj wkh frq�ghqfh lqwhuydov duh ghvfulehg lq wkh
wh{w> E1D1 errwvwuds uhihuv wr wkh eldv0dgmxvwhg errwvwuds1 Wkh vdpsoh vl}h lq wkhvh vlpx0
odwlrqv lv 4331 Prqwh0Fduor vwdqgdug huuruv ydu|/ exw duh lq doo fdvhv ehorz 31361


